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Abstract. This work presents the analysis of the transition D∗2(2460)
0 → D+π−. In the
calculation three point QCD sum rules method is applied and the value of the coupling
constant for the considered vertex is obtained as gD∗2Dπ = (12.72±3.56) GeV−1.The result
of the calculation is also utilized in the decay width and branching ratio calculations of
the considered transition.
1 Introduction
The ﬁrst observation of the orbitally excited charmed meson was made in 1986 [1] and the observation
of them has continued in the following past few decades [2–11]. This period has also been accom-
panied by several theoretical studies on the masses, strong and electromagnetic transitions of these
mesons done by using various methods (See for instance the Refs. [12–15] and the references there
in). D∗2(2460) having the quantum number I(J
P) = 12 (2
+) is among these orbitally excited mesons and
was reported twenty years ago [5, 7, 8].
In the literature one may ﬁnd little theoretical works on the properties of tensor mesons compared
to the other types of mesons. Especially their strong transitions have not been studied much. One
can attain valuable information about the internal structures and the natures of these mesons via the
study of the parameters of these mesons and comparison of their results with the existing experimental
ﬁndings. Through these studies one may also test the assumptions of some theoretical calculations and
comprehend the experimental results which provides a better understanding of the strong interaction.
This type of work may also be helpful to gain useful information related to the study of B meson
since charmed tensor mesons appear as an intermediate state in B meson decays. Additionally, the
possibility for a search on the transition of D∗2 meson at LHC provides motivation on the study of
these mesons.
In this work we present the analysis for the transition D∗2(2460)
0 → D+π−. For this purpose we
use one of a powerful nonperturbative methods, QCD sum rules, suggested ﬁrstly by Shifman [16] for
the investigation of the parameters of hadrons in vacuum. Following the introduction the details of the
coupling constant calculations for this transition using the QCD sum rules are presented in section 2.
Section 3 gives numerical analysis of the coupling constant calculations and calculation of the decay
width of the considered transition using the obtained coupling constant result.
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2 QCD sum rules for the coupling constants
In this section the details of the calculations of the coupling constant is presented. For the calculation
we use the following three-point correlation function,
Πμν(p, p′, q) = i2
∫
d4x d4y e−ip·x eip
′·y 〈0|T
(
JD(y) Jπ(0) JD
∗
2†
μν (x)
)
|0〉. (1)
where T is the time ordering operator and q = p − p′ is transferred momentum. The JD, Jπ and
JD
∗
2 are the interpolating ﬁelds and can be written in terms of the quark ﬁeld operators as: JD(y) =
id¯(y)γ5c(y), Jπ(0) = iu¯(0)γ5d(0), and J
D∗2
μν (x) = (i/2)[u¯(x)γμ
↔Dν (x)c(x) + u¯(x)γν
↔Dμ (x)c(x)] respec-
tively. The
↔Dμ (x) is two-side covariant derivative and deﬁned as;
↔Dμ (x) = 12
[→Dμ (x)− ←Dμ (x)], and
→Dμ (x) =
→
∂μ (x) − i g2λaAaμ(x),
←Dμ (x) =
←
∂μ (x) + i
g
2λ
aAaμ(x). Here the λ
a are the Gell-Mann matrices
and Aaμ(x) are the external (vacuum) gluon ﬁelds.
The correlation function given in Eq. (1) can be calculated following two diﬀerent ways. The ﬁrst
way is called the phenomenological or physical side of the calculation in which it is calculated in
terms of hadronic parameters. On the other hand it is calculated in terms of quark and gluon degrees
of freedom by the help of the operator product expansion (OPE) in deep Euclidean region which is
the theoretical or QCD side. In the sequel of the calculation of both sides matching the coeﬃcient
of same structure obtained from both sides provides the QCD sum rules for the intended physical
quantity. The contribution of the higher states and continuum is suppressed by the help of double
Borel transformation with respect to the variables p2 and p′2.
For the physical side of the calculation, Eq. (1) is saturated with the complete set of appropriate
hadronic states having the same quantum numbers with the hadronic states in the equation. After
performing the four-integrals over x and y the following form of the correlation function is obtained:
Π
Phys
μν (p, p′, q) =
〈0 | Jπ | π(q)〉〈0 | JD | D(p′)〉〈D∗2(p, ) | J
D∗2
μν | 0〉
(p2 − m2D∗2 )(p′
2 − m2D)(q2 − m2π)
× 〈π(q)D(p′) | D∗2(p, )〉 + · · · , (2)
In Eq. (2) the contributions of the higher states and continuum are represented by the · · · and the
matrix elements appearing in this equation are parameterized as follows:
〈0 | Jπ | π(q)〉 = i m
2
π fπ
md + mu
,
〈0 | JD | D(p′)〉 = i m
2
D fD
md + mc
,
〈D∗2(p, ) | JD
∗
2
μν | 0〉 = m3D∗2 fD∗2
∗(λ)
μν ,
〈π(q)D(p′) | D∗2(p, )〉 = gD∗2Dπ(λ)ηθ p′η p′θ (3)
where fπ, fD and fD∗2 are leptonic decay constants of π, D and D
∗
2 mesons, respectively. By the usage
of the matrix elements given in Eq. (3) in Eq. (2), ﬁnal form of the correlation function for the physical
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side becomes:
Π
Phys
μν (p, p′, q) =
gD∗2Dπ m
2
D m
2
π fD fπ fD∗2
(mc + md)(mu + md)(p2 − m2D∗2 )(p′
2 − m2D)(q2 − m2π)
×
[
mD∗2 p · p′p′μ pν −
2 (p · p′)2 + m2D∗2 p
′2
3 mD∗2
pμ pν − m3D∗2 p
′
μ p
′
ν
+ mD∗2 (p · p′) pμ p′ν +
mD∗2 (m
2
D∗2
p′2 − (p · p′)2)
3
gμν
]
+ · · · , (4)
where we apply the summation over the polarization tensor using
∑
λ ε
(λ)
μν ε
∗(λ)
αβ =
1
2TμαTνβ +
1
2TμβTνα −
1
3TμνTαβ with Tμν = −gμν + pμpνm2
D∗2[D∗s2]
.
The application of the double Borel transformation with respect to the initial and ﬁnal momenta
squared leads us the physical side of the correlation function as:
B̂ΠPhysμν (q) = gD∗2Dπ
fD fD∗2 fπm
2
Dm
2
πe
−
m2
D∗2
M2 e
− m
2
D
M′2
(mc + md)(mu + md)(m2π − q2)
[mD∗2
12
(
m4D + (m
2
D∗2
− q2)2
− 2m2D(m2D∗2 + q
2)
)
gμν +
1
6mD∗2
[
m4D + m
2
D(4m
2
D∗2
− 2q2) + (m2D∗2 − q
2)2
]
pμpν
− mD
∗
2
2
(m2D + m
2
D∗2
− q2)pνp′μ + m3D∗2 p
′
μp
′
ν −
mD∗2
2
(m2D + m
2
D∗2
− q2)pμp′ν
]
+ · · · (5)
In the next part of the calculation, using the OPE, which is done in deep Euclidean region i.e.
p2 → −∞ and p′2 → −∞, the QCD side of the correlation function is calculated. To perform this
calculation one needs to substitute the explicit form of the interpolating currents into the correlation
function. Followed by the contraction of all quark pairs via Wick’s theorem the expression for this
side turns into
ΠQCDμν (p, p
′, q) =
i5
2
∫
d4x
∫
d4ye−ip·xeip
′·y
×
{
Tr
[
γ5 S
ji
d (−y)γ5S ic (y − x)γμ
↔Dν (x)S  ju (x)
]
+
[
μ↔ ν] } , (6)
where S c(x) represents the heavy quark propagator which is given in [17] and S u(x) and S d(x) are the
light quark propagators.
No matter how small it is, in our calculation we also include the contribution coming from the
gluon condensate. After some straightforward calculations, the correlation function in QCD side is
obtained as;
ΠQCDμν (p, p
′, q) = Π1(q2)pμpν + Π2(q2)pνp′μ + Π3(q
2)pμp′ν + Π4(q
2)p′μp
′
ν + Π5(q
2)gμν (7)
where Πi(q2) contains the contribution coming from perturbative and nonperturbative parts of the
QCD side of the calculations and it is given explicitly as
Πi(q2) =
∫
ds
∫
ds′
ρ
pert
i (s, s
′, q2)
(s − p2)(s′ − p′2 ) + Π
nonpert
i (q
2), (8)
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where i=1,2,3,4,5 and the spectral density ρi(s, s′, q2) is given by the imaginary part of the Πi func-
tion, i.e., ρi(s, s′, q2) = 1π Im[Πi]. To obtain the QCD sum rules for the coupling constant among the
structure appering in Eq. 7 we consider the Dirac structure pμp′ν . Following double Borel transfor-
mation, the ﬁnal form of the QCD side of the correlation function for the considered Dirac structure
is obtained as:
B̂ΠQCDμν (q
2) =
{ ∫
ds
∫
ds′e−
s
M2 e
− s′
M′2 ρ
pert
3 (s, s
′, q2) + B̂Πnonpert3 (q
2)
}
pμp′ν + · · · , (9)
where
ρ
pert
3 (s, s
′, q2) =
∫ 1
0
dx
∫ 1−x
0
dy
3(1 + 5y − 16y2 − 2x − 16xy)
16π2
× Θ[L(s, s′, q2)], (10)
with L(s, s′, q2) = −m2c x+ sx− sx2 + q2y− q2xy− sxy+ s′xy− q2y2 and the B̂Πnonpert3 (q2) is the result
of the contribution coming from nonperturbative part. The contribution coming from nonperturbative
part is lengthy therefore it is not presented here (for more details see Ref. [18]).
The sum rules for the coupling constant, gD∗2Dπ is obtained equating the coeﬃcients of the same
Dirac structure obtained from the calculation of both sides of the correlation function. Application
of double Borel transformation and the quark-hadron duality assumption provides suppression of the
contribution coming from the higher states and continuum. After all, the ﬁnal form of the sum rules
for the coupling form factor gD∗2Dπ is achieved as:
gD∗2Dπ = e
m2
D∗2
M2 e
m2D
M′2
6(mc + md)(md + mu[s])(m2π − q2)mD∗2
fD∗2 fD fπm
2
Dm
2
π
[
m4D + m
2
D(4m
2
D∗2
− 2q2) + (m2D∗2 − q2)2
]
×
{∫ s0
(mc+mu)2
ds
∫ s′0
(mc+md)2
ds′e−
s
M2 e
− s′
M′2 ρ
pert
3 (s, s
′, q2) + B̂Πnon−pert3 (q
2)
}
, (11)
3 Numerical Results
This section presents the numerical analysis of the coupling constant and its ﬁt function as a function
of Q2 = −q2. The resultant ﬁt function is also used for calculation of the the decay width and
branching ratio of the considered transition. Some input parameters used in the calculation of the
considered coupling constant are: mc = (1.275 ± 0.025) GeV [19], md = 4.8+0.5−0.3 MeV [19], mu =
2.3+0.7−0.5 MeV [19], mD∗2(2460) = (2462.6 ± 0.6) MeV [19], mD = (1869.62 ± 0.15) MeV [19], mπ =
(139.57018 ± 0.00035) MeV [19], fD = 206.7 ± 8.9 MeV [19], fπ = 130.41 ± 0.03 ± 0.20 MeV [19],
fD∗2(2460) = 0.0228 ± 0.0068 [20], 〈αsG
2
π
〉 = (0.012 ± 0.004) GeV4.
Four auxiliary parameters, which are the Borel mass parameters M2 and M′2 and continuum
thresholds s0 and s′0, are brought into the numerical analysis by the Borel transformation and quark-
hadron duality assumption . These are not physical parameters therefore the results of the coupling
constant calculations should have no dependency on these auxiliary parameters. As a result we need
to determine the working regions of them from our analysis. Via the consideration of the relation
between the continuum threshold and the energies of the excited states of initial and ﬁnal mesons we
obtain the interval of working region for the continuum thresholds as 7.6 GeV2 ≤ s0 ≤ 8.8 GeV2 and
4.7 GeV2 ≤ s′0 ≤ 5.6 GeV2 for the coupling constant of D∗2Dπ vertices. As for the determination of
the suitable Borel mass window, Borel masses having too large value provides a good convergence
of OPE however this is accompanied by that, the continuum contribution dominates the sum rules.
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Figure 1. Left: gD∗2Dπ(Q
2 = 3 GeV2)(GeV−1) as a function of the Borel mass M2 at M′
2
= 3.5 GeV2. Right:
gD∗2Dπ(Q
2 = 3 GeV2)(GeV−1) as a function of the Borel mass M′
2
at M2 = 5 GeV2.
Table 1. Parameters appearing in the ﬁt function of the coupling constants.
c1(GeV−1) c2(GeV2) c3(GeV−1)
11.57 ± 3.12 12.55 ± 3.51 1.13 ± 0.34
Conversely, if one chooses too small values of them, despite that the pole dominates the sum rules
the OPE have a poor convergency. These considerations lead to the 3 GeV2 ≤ M2 ≤ 8 GeV2 and
2 GeV2 ≤ M′2 ≤ 5 GeV2 intervals for Borel masses in our calculation.
Determination of the working regions of the auxiliary parameters is followed by the usage of them
in the analysis of the coupling constant gD∗2Dπ. To give an idea about our result we present the Fig. 1
which shows the dependency of the coupling constant gD∗2Dπ on M
2 and M′2.
The calculation of the coupling constant is followed by the the calculation of the decay width
and branching ratio of the considered transition utilizing its value. Considering the coupling constant
being the value of the form factor at Q2 = −m2π which is outside of the reliable region of our sum
rules calculations, we require a suitable ﬁt function that expands our calculation. The ﬁt function
serving that purpose is as follows: gD∗2Dπ(Q
2) = c1 exp
[
− Q2c2
]
+ c3 where Q2 = −q2. With the
value of M2 and M′2 from their working regions we obtain the ﬁt parameters, c1, c2 and c3, and
they are presented in Table 1. Value of the gD∗2Dπ coupling constant at Q
2 = −m2π is obtained as
gD∗2Dπ = (12.72 ± 3.56) GeV−1. The errors appearing in our result is due to the uncertainties in
the input parameters as well as the auxiliary parameters. We also obtain the decay width and the
branching ratio of the D∗2Dπ transition using our result of the coupling constant. The decay width for
D∗2Dπ transition is attained using
Γ =
|M(p′)|2
24πmD∗2
|p′| (12)
where |M(p′)|2 = g2D∗2Dπ[
2
3m4
D∗2
(mD∗2
√
p′2 + m2D)
4 − 4m2D3m2
D∗2
(mD∗2
√
p′2 + m2D)
2 +
2m4D
3 ] and |p′| =
1
2mD∗2
√
m4D∗2 + m
4
D + m
4
π − 2m2D∗2m2π − 2m
2
Dm
2
π − 2m2D∗2m
2
D. Using the total decay width (ΓD∗2(2460)0 =
(49.0 ± 1.3) MeV [19]) the branching ratio of this transition is also achieved from the outcomes
of the decay width whose result with the decay width are given in Table 2.
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Table 2. Numerical results of decay widths and branching ratios.
Γ(GeV) BR
D∗2Dπ (1.84 ± 0.48) × 10−3 (1.08 ± 0.27) × 10−1
To sum up, in this work we calculate the coupling constant for the transition D∗2Dπ whose value
is obtained as gD∗2Dπ = (12.72 ± 3.56) GeV−1 using the QCD sum rules. The results of the coupling
constant is also used to determine the decay width and the branching ratio of the mentioned transition.
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